This study determined the role of angiotensin II type-1 (AT1) receptor in the salt sensitivity of blood pressure. The mean arterial blood pressure (MAP) of Sprague-Dawley rats was monitored by radio telemetry and, after baseline measurements, rats were treated either with (1) vehicle, (2) AT1 receptor blocker (ARB) olmesartan (OLM, 100 nmol kg À1 h À1 , subcutaneously), (3) OLM with hydrochlorothiazide (HCTZ, 40 mg kg À1 day À1 , orally), (4) angiotensin II (AngII, 100 ng kg À1 min À1 , subcutaneously) or with (5) AngII with OLM. Rats were fed a 0.5% salt diet during the baseline and first 7 days of treatment period, and the diet was then switched to one containing 8% salt for another 7 days. Urinary samples were collected in a metabolic cage at the end of each period. MAP of the vehicle group did not change throughout the study. In AngII-infused rats, BP increased only when rats were fed an 8% salt diet. OLM and OLM with AngII significantly reduced MAP when rats were on a 0.5% salt diet, but not on an 8% salt diet, indicating an enhanced salt sensitivity by OLM. Co-treatment with HCTZ reduced the salt sensitivity of OLM. The urinary level of the oxidative stress marker was increased by an 8% salt diet and was not altered by either OLM alone or in combination with HCTZ. However, OLM attenuated the salt-induced renal NAD(P)H (nicotinamide adenine dinucleotide phosphate) oxidase activity. These results indicate that AT1 receptor blockade increases salt sensitivity, which is reversed by diuretics. We conclude that OLM and HCTZ could be a useful combination for reduction of blood pressure even under high salt intake without changes in urinary oxidative stress levels.
INTRODUCTION
Hypertension is an independent risk factor of cardiovascular diseases (CVD). 1 The renin-angiotensin system (RAS) blockers are now parts of major antihypertensive treatments for protection against hypertensive vascular and renal injuries. 2, 3 It is to be noted that the antihypertensive effects of RAS blockers are abrogated by high salt loading in hypertensive individuals 4 and in experimental animal models. 5, 6 Therefore, salt restriction or combination therapy with diuretics is recommended to those who do not respond well with RAS inhibitors alone. [7] [8] [9] RAS regulates urinary excretion of water and sodium, thereby determining blood pressure. Hall et al. 10 confirmed this chronic pressure natriuresis in dogs: both angiotensin II (AngII) and angiotensin-converting enzyme inhibitor, SQ-14225, altered the relationship between salt intake and blood pressure, thereby affecting the salt sensitivity of blood pressure. Recently, several types of angiotensin receptors have been identified and their signaling pathways have been elucidated. 11 Nevertheless, the role of an angiotensin receptor in the salt sensitivity of blood pressure remains to be fully investigated.
This study was thus undertaken to test the hypothesis that the blockade of AngII type 1 (AT1) receptor alters the salt sensitivity of blood pressure in the presence or absence of a diuretic. For detailed analysis of blood pressure, including diurnal variations, mean arterial blood pressure (MAP) was continuously monitored by 24-h radio telemetry in Sprague-Dawley rats, given AT1 receptor blockers (ARB) and/or diuretics, while changing their salt intake. In another model, AngII was infused subcutaneously to suppress endogenous AngII and to keep high circulating levels of AngII. Finally, we investigated a link of salt sensitivity to oxidative stress in rats that were given ARB and/or diuretics, as both salt intake and AngII have impacts on oxidative stress, a factor involved in the initiation and progression of hypertensive cardiovascular and renal injuries. 12, 13 
METHODS Animals
Male Sprague-Dawley rats (SLC, Shizuoka, Japan), 8-10-weeks old, were fed a 0.5% NaCl diet (Labo MR Standard, Nosan Corporation Biodepartment, Kanagawa, Japan) before the study. Tap water was provided ad libitum throughout the study. The rats were housed in controlled conditions (temperature: 20 1C; lighting 8-20 h). All procedures were in accordance with the National Research Council's guidelines and were approved by the institutional animal care committee.
Experiment 1: Effect of salt intake on blood pressure in rats treated with angiotensin II, AT1 receptor blocker or with the AT1 receptor blocker in combination with diuretics Rats were anesthetized with 30 mg kg À1 of ketamine and with 2 mg kg À1 of xylasine. A radio-telemetry transmitter (PA-C40 Data Science International, Primetec, Tokyo, Japan) was implanted in the left femoral artery and the body of the transmitter was placed subcutaneously at the side of abdomen. Buprenorphine at 0.09 mg kg À1 was administered subcutaneously for analgesia during recovery from the surgery. The rats were allowed to recover for 5-7 days before the study. The rats were divided into five groups: (1) vehicle (Veh), (2) olmesartan (OLM), (3) olmesartan with hydrochlorothiazide (OLM+HCTZ), (4) AngII and (5) AngII with olmesartan (AngII+OLM). Veh, OLM and AngII were delivered using an osmotic mini-pump (Alzet Model 2002, Muromachi, Tokyo, Japan), which was implanted subcutaneously and infused at a rate of 0.5 ml h À1 . HCTZ (Sigma-Aldrich, Tokyo, Japan) was given by gavage (40 mg kg À1 day À1 in 0.5% carboxymethylcellulose). Olmesartan (provided by Sankyo Pharmaceutical Company, Tokyo, Japan) was dissolved in 2.5% sodium carbonate, and infused at 100 nmol kg À1 h À1 . AngII (Sigma-Aldrich), dissolved in saline, was infused at 100 ng kg À1 min À1 . The Veh group received sodium carbonate using the osmotic mini-pump. An osmotic mini-pump was implanted subcutaneously at the back of the neck during a brief procedure using ether anesthesia. The rats were fed a 0.5% salt diet (normal salt) for 7 days and then switched to an 8% salt (high salt) diet for another 7 days. 24-h urine was collected in a metabolic cage on the final day of the 0.5% salt baseline pressure measurements and the 8% salt period. Urinary sodium concentration was measured using the UniCel DxC 800 Synchron Clinical System (Beckman Instruments, Tokyo, Japan).
Blood pressure analysis
Blood pressure data were measured at 500 Hz for 10 s every 3 min. MAP was averaged over the last two days of each diet period for determination of the chronic steady-state pressure-natriuresis relationship. The diurnal rhythm of pressure was also analyzed. The averages of pressures from 6:00-8:00 am, which reflected the highest pressures of the day, were used to represent nighttime (dark phase) blood pressure. The average of pressures from 6:00-8:00 pm, which reflected the lowest pressures of the day, were used as daytime (light phase) blood pressure.
Estimation of salt sensitivity
Salt sensitivity was estimated from the slope of relationship between Na excretion and blood pressure using the following equation: Na-blood pressure slope¼(urinary sodium excretion (on an 8% salt diet)Àurinary sodium excretion (on a 0.5% salt diet))/(MAP (on an 8% salt diet)ÀMAP (on a 0.5% salt diet)). If the slope of the relationship between Na excretion and blood pressure is lower, the result was indicated as higher salt sensitivity.
Experiment 2: Effect of angiotensin II receptor blocker on urinary markers of oxidative stress
Male SD rats, 8-weeks old, fed a 0.5% salt diet for more than 7 days before the study were divided into 10 study groups: (1) and (6) vehicle, (2) and (7) OLM, (3) and (8) OLM with HCTZ (OLM+HCTZ), (4) and (9) AngII and (5) and (10) AngII with OLM (AngII+OLM). (1)-(5) groups were fed a 0.5% salt diet, whereas (6)-(10) groups were fed an 8% salt diet. Veh, OLM and AngII were delivered using the osmotic mini-pump implanted subcutaneously for 7 days as described in Experiment 1. The rats were housed in a metabolic cage for 24-h urine collection in a bottle maintained below 4 1C, at the baseline and at the 7 days after the diet was changed to an 8% salt diet. Urinary H 2 O 2 concentrations were determined with the reaction of resorufin in the presence of horseradish peroxidase with an Amplex Red reagent (10-acetyl-3,7-dihydroxyphenoxazine, Molecular Probes, Tokyo, Japan), according to the manufacturer's instructions. H 2 O 2 levels in all samples were expressed as a catalase-inhibitable fraction. As the absolute baseline urinary levels of oxidative stress were variable, the results were expressed and compared as fold increase from baseline level.
Experiment 3: Effect of AT1 receptor blockade on enhanced NAD(P)H oxidase activity by high salt intake
To determine whether OLM would attenuate enhanced NAD(P)H (nicotinamide adenine dinucleotide phosphate) oxidase activity in response to a high salt intake, 8-weeks-old male SD rats were fed a 0.5% salt diet for more than 7 days before the study and divided into four groups: (1) vehicle with rats fed a 0.5% salt diet (vehicle-NS), (2) vehicle with rats fed an 8% salt diet (vehicle-HS), (3) OLM with rats fed a 0.5% salt diet (OLM-NS) and (4) OLM with rats fed an 8% salt diet (OLM-HS). Vehicle and OLM were delivered with osmotic mini-pumps implanted subcutaneously for 7 days as described in Experiment 1. After the rats were fed either a 0.5% or an 8% salt diet for 7 days, each was anesthetized with pentobarbital (50 mg kg À1 body weight, IP) and the left kidney was removed for measuring the NAD(P)H oxidase activity. The renal cortex was separated and immediately frozen under liquid nitrogen and kept at À80 1C before the assay.
The renal cortical tissue NAD(P)H oxidase activity was measured according to the methods of Guo et al. 14 The renal cortical tissue (50-100 mg) was transferred into test tubes containing 1 ml of phosphate-buffered saline. The samples were homogenized on ice and centrifuged at 3000 r.p.m. for 10 min. The supernatant was used for further analysis. The protein concentrations of the supernatant were measured using the Bradford method (Bio-Rad Protein Assay, Tokyo, Japan) to normalize the tissue content. Lucigenin (final concentration 10 mmol l À1 ; Sigma-Aldrich)-enhanced chemiluminescence was used to determine superoxide anion generation. The increase in chemiluminescence in response to 100 mmol l À1 of NAD(P)H was measured. The diphenyleneiodonium (25 mmol l À1 ; Sigma-Aldrich)-inhibitable chemiluminescence signal was recorded using a tube luminometer (ATTO, Tokyo, Japan) to reflect the tissue NAD(P)H oxidase activity.
Statistical analysis
Values are expressed as mean ± standard error. Blood pressure was evaluated using a two-way ANOVA (analysis of variance) with repeated measurements. A post hoc Bonferroni's t-test was carried out to determine the significance between groups. Urinary H 2 O 2 excretion and the slope of the relationship between Na excretion and blood pressure were evaluated using an unpaired t-test. Significance was accepted at a level of Po0.05.
RESULTS
Effects of salt intake on blood pressure in rats treated with angiotensin II AT1 receptor blocker, or with the AT1 receptor blocker in combination with diuretics As shown in Figure 1a , 24 h averages of MAP in the vehicle group did not significantly change from a baseline level of 92.8±2.8 and 94.7±2.6 mm Hg on the 0.5% salt diet compared with 103.0 ± 3.4 mm Hg on the 8% salt diet. OLM significantly reduced MAP from 97.1 ± 3.3 to 79.4 ± 2.8 mm Hg in rats fed a 0.5% salt diet. Reduction of MAP with OLM was diminished when rats were fed an 8% diet, and returned to a MAP level of 102 ± 3.0 mm Hg. OLM administered with HCTZ lowered MAP from 92.1 ± 1.7 to 76.0±1.8 mm Hg in rats fed a 0.5% salt diet, and MAP remained lower than that in the vehicle or OLM group even on the 8% salt diet (89.9 ± 3.6 mm Hg) (Figure 1a ). AngII infused subcutaneously at 100 ng kg À1 min À1 did not significantly increase MAP (106.2±3.4 mm Hg) in rats fed the 0.5% salt diet (Figure 1b) . However, AngII significantly increased MAP when rats were fed an 8% salt diet (126.2 ± 6.4 mm Hg). OLM administered with AngII reduced MAP from 98.6±2.1 to 81.0±2.1 mm Hg on the 0.5% salt diet, but returned to the vehicle control pressure levels when the rats were fed an 8% salt diet (107.6 ± 2.8 mm Hg).
Salt sensitivity in rats treated with angiotensin II, AT1 receptor blocker or with the AT1 receptor blocker in combination with diuretics To estimate salt sensitivity, the relationships between salt intake and the steady-state levels of MAP achieved (Na-MAP relationship) were determined and plotted in Figure 2 . Salt sensitivity as indicated by the slope of the Na-MAP relationship is presented in Table 1 . Changes of blood pressure induced by a high salt intake were miniscule in the Veh group, and the slope of the Na-MAP relationship was steep. The Na-MAP relationship of the AngII-infused group tended to be blunted, indicating that salt sensitivity is increased by AngII infusion. Although the level of blood pressure was shifted to a lower level, the slope of the Na-MAP relationship was significantly blunted in rats treated with OLM and in the group treated with OLM and AngII compared with that of the Veh group, indicating that AT1 receptor blockade increases salt sensitivity. By contrast, the Na-MAP relationship of the OLM group in which HCTZ was co-administered was steeper when compared to rats treated with OLM alone, indicating that the addition of HCTZ restored the salt sensitivity to normal.
Circadian variation of MAP
On a normal 0.5% salt diet, treatment with OLM significantly decreased MAP during both daytime and nighttime as compared with that in vehicle-treated rats (Figure 3a) . By contrast, OLM treatment did not reduce MAP in the daytime or nighttime in rats fed a high 8% salt diet. Co-administration of OLM and HCTZ in rats did not significantly reduce MAP compared with that on administration of OLM alone, either in the daytime or nighttime, when rats were fed a 0.5% salt diet (Figure 3b ). However, MAP was significantly reduced during the daytime in rats fed the high 8% salt diet. AngII administered together with OLM significantly reduced MAP during both daytime and nighttime in rats on a normal 0.5% salt diet as compared with that with AngII alone, but reduced MAP only in the daytime in rats fed a high 8% salt diet (Figure 3c ). AngII administration alone diminished the reduction of daytime MAP, whether rats were fed the 0.5% or the high 8% salt diet, when compared with vehicle-treated rats (Figures 3a and c) .
Effects of the AT1 receptor blocker on urinary markers of oxidative stress To determine whether overall body oxidative stress would be reduced by treatment with ARBs and diuretics, urinary H 2 O 2 excretion was analyzed. As shown in Figure 4a , urinary H 2 O 2 excretion, expressed as fold increase from the average baseline level, tended to increase in the AngII group than in vehicle-treated rats receiving a 0.5% salt diet (1.68 ± 0.48 vs. 0.87 ± 0.10 (P¼0.059)). OLM rats, in which HCTZ was co-administered, exhibited significantly increased urinary H 2 O 2 excretion than those of the vehicle group on a 0.5% salt diet (2.38±0.56 vs. 0.87±0.10 times from baseline, Po0.05). The AngII-with-OLMtreated group showed only a tendency for lower values when compared with those of the AngII-treated group (1.03 ± 0.28 vs. 1.68±0.48 (P¼0.32) on a 0.5% salt diet. Urinary H 2 O 2 excretion significantly increased in all groups in rats fed the 8% salt diet compared with those on a 0.5% salt diet. OLM treatment was not able to inhibit the urinary marker of oxidative stress when rats were fed a high-salt diet and this was not different when OLM was used in combination with HCTZ.
Effect of AT1 blockade on enhanced NAD(P)H oxidase activity by high salt intake As NAD(P)H oxidase has been shown to be stimulated with a highsalt diet, 13 we determined whether renal NAD(P)H oxidase activity was influenced by a high-salt diet in the presence of AT1 receptor blockade. The results showed that renal cortical NAD(P)H oxidase Salt sensitivity with AT1 blockade S Endo et al activity was increased when rats were fed a high 8% salt diet, and that this was reduced by OLM treatment (Veh-NS, 139.0 ± 11.3; Veh-HS, 203.6 ± 22.2; OLM-HS 164.4 ± 13.3Â10 3 c.p.m. per mg protein) (Figure 4b ). The enhanced renal NAD(P)H oxidase activity stimulated by a high 8% salt diet could therefore be reduced by AT1 receptor blockade.
DISCUSSION
The major finding of this study was that blockade of angiotensin II type-1 (AT1) receptors increased salt sensitivity in Sprague-Dawley rats. A combination of angiotensin II receptor blocker (ARB) and diuretics significantly reduced salt sensitivity and enhanced the antihypertensive effect of ARB in rats fed a high-salt diet. To the best of our knowledge, this study successfully determined salt sensitivity by 24 h blood pressure monitoring for the first time using the radiotelemetry transmitter. A high-salt intake increased both urinary oxidative stress and renal NAD(P)H oxidase activity. Although ARB, either combined with or without diuretics, did not alter high-saltinduced urinary oxidative stress, ARB attenuated the salt-induced NAD(P)H oxidase activity in the renal cortex. As shown in the clinical study by Vogt et al., 9 it has been widely accepted that a low-salt diet reduces blood pressure during ARB treatment. However, there are not many clinical studies that have determined the association of salt sensitivity with ARB. As there are lots of parameters that could influence salt sensitivity in human clinical studies, such as body mass index, renal function, food intake and exercise, and may not easily administer angiotensin II receptor blockers and/or angiotensin II in normal subjects, this study was conducted in rats in a wellcontrolled condition.
Altered salt sensitivity by AT1 receptor blockade
The relationship between Na intake and blood pressure (Na-MAP relationship) is determined by the relationship between chronic Na excretion, which chronically equals the Na intake, and the steady-state level of MAP at any given level of salt intake. 15 Salt sensitivity can be estimated by the reduction in the slope of the relationship between arterial pressure (MAP plotted on the abscissa) and sodium excretion (UNaV plotted on the ordinate), as reported by Kimura et al. 16 The role of AngII on the chronic steady-state relationship between MAP and sodium excretion and sodium intake was first determined by Hall et al. 10 in dogs given a continuous infusion of AngII. In these studies, the slope of the pressure-natriuresis relationship was reduced by chronic elevations of AngII, indicating an increase of salt sensitivity as arterial pressure significantly increased above normal at each new level of salt intake. It is interesting that in animals treated with an angiotensin-converting enzyme inhibitor, arterial pressure was reduced significantly below normal when dogs received a low-salt intake, but MAP increased with a slope similar to that observed in the AngII-infused dogs as daily salt intake was increased. These studies showed that angiotensin-converting enzyme increased salt sensitivity, whereby arterial pressure was reduced with sodium depletion and significantly increased in response to a high salt intake. 10 The results of Salt sensitivity with AT1 blockade S Endo et al this study confirm the studies of Hall et al. in that AngII infusion shifted the Na-MAP relationship curve toward a higher pressure and the slope of the curve was reduced. Administration of the ARB also shifted the curve toward lower levels of pressure as seen by the reduction in the slope of the pressure-natriuresis relationship. Although patients with higher salt sensitivity of blood pressure normally have high blood pressure, the increased salt sensitivity by ARB in this study did not necessarily increase blood pressure. The results in this study show that ARB increases salt sensitivity by reducing blood pressure with lesser salt intake. Thus, it has been widely acknowledged in clinical practice that ARB reduces blood pressure with lower salt intake compared with higher salt intake. The mechanism involved in the association between ARB and salt sensitivity is still not fully understood. We have shown that ARB reduced the slope of the Na-MAP relationship and increased salt sensitivity. As described in an earlier study, the Na-MAP relationship will become blunted and similar to acute pressure natriuresis when the angiotensin II level was fixed by angiotensin II infusion or angiotensin-converting enzyme inhibitor treatment. 10 Not only the fixed angiotensin II level but also the continuous AT1 receptor blockade could blunt the Na-MAP relationship curve and increase salt sensitivity. However, this may not be the case with a pathological state, such as salt-sensitive hypertension, wherein ARB may reduce salt sensitivity. It has been shown that an increase in renal NO, which is also seen with RAS blockade, reduces blood pressure in high-salt-fed saltsensitive Dahl rats, 17 indicating that ARB may have a possible mechanism that could reduce salt sensitivity in the salt-sensitive form of hypertension.
The action of AngII through various angiotensin receptors, such as angiotensin type 1 (AT1) and 2 (AT2), has been shown to be different. 11 Only the AT1 receptors exerted any measurable influence on salt sensitivity in our studies as shown by observations that the Na-MAP relationship in rats with AT1 blockade was not different whether AngII was infused or not. These results are consistent with earlier studies showing that salt sensitivity was increased in AT 1A receptor-deficient mice. 18 Furthermore, Gross et al. also found that salt sensitivity was not enhanced in AT2 receptor-deficient mice. 19 Taken together with the results of this study, we conclude that it is the AT1 receptor that plays a key role in the regulation of the Na-MAP relationship and salt sensitivity.
An important finding is that treatment with the combination of HCTZ and OLM resulted in a reduction of salt sensitivity, as seen by the recovery of the blunted slope of the Na-MAP relationship in OLM-treated rats. The results of this study indicate that the antihypertensive effects of ARB therapy would be enhanced not only by the restriction of Na intake but also by a diuretic that reduced the reabsorption of filtered Na, as shown in the clinical study. 9 Role of AT1 blockade to diurnal blood pressure rhythm Salt-sensitive hypertensive patients have been found to exhibit an altered diurinal pattern of arterial pressure, whereby the fall of nocturnal blood pressure is small ('non-dippers'), compared with salt-insensitive individuals. 20 RAS plays an important role in nocturnal blood pressure in rats 21 and humans. 22, 23 It has been shown that ARB administration in 'non-dipper' patients return the diurnal pattern to normal 23, 24 The results in this study have shown that AngII increased blood pressure during the resting phase and also increased blood pressure salt sensitivity. ARB administration reduced blood pressure during the resting phase of the diurnal cycle. Taken together, we propose that AT1 receptor stimulation is one of the determinants of the non-dipper pattern in the salt-sensitive form of hypertension. However, as shown in the clinical study by Fukuda et al., 25 olmesartan administered in the morning once a day could restore nocturnal reduction of blood pressure. As this was associated with an increase in diurnal natriuresis, they have proposed that natriuresis, rather than RAS inhibition, is responsible for the reduction of nocturnal blood pressure by olmesartan. This is why we have determined renal and urinary oxidative stress, as renal oxidative stress increases Na reabsorption in renal tubules as we have previously reviewed. 26 Although olmesartan did not inhibit urinary oxidative stress, significant inhibition was observed in renal oxidative stress. Therefore, this study supports the hypothesis that olmesartan increases natriuresis and restores nighttime BP by reducing renal oxidative stress. However, the question remains to be resolved whether this is dependent on the AT1 receptor.
OLM administered with HCTZ did not significantly decrease MAP compared with OLM treatment alone in either the resting or active phase of the diurinal cycle in rats fed a normal-salt diet. On the other hand, OLM co-administered with HCTZ significantly decreased MAP only in the resting phase on a high-salt diet. This observation is in accordance with clinical observations showing that diuretic therapy also changes the blood pressure diurinal rhythm from that of 'non-dipper' to 'dipper' in patients with essential hypertension. 27 
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The mechanism whereby diuretic therapy affects nocturnal blood pressure has been reviewed by Uzu et al., 27 who showed that the nocturnal fall in blood pressure is dependent on the amount of Na excreted in the daytime. These relationships, and the underlying mechanisms determining these diurnal blood pressure rhythms in normal and hypertensive rats, remain to be determined.
Oxidative stress under AT1 receptor blockade on high-salt diet A number of studies have shown the role of oxidative stress and renal NAD(P)H oxidase in the progression of salt-sensitive hypertension and renal injury. [28] [29] [30] A high salt intake enhanced urinary excretion of H 2 O 2 in this study and it was not further increased by AngII administration. Consistent with these findings, Pech et al. 31 observed that urinary 8-isoprostaglandin F2 alpha (8-ISO) was increased by AngII in rats fed a normal-salt diet and was further increased on a high-salt diet, but was not further increased by AngII. The results in this study and in the study by Kitiyakara et al. 13 indicate that renal NAD(P)H oxidase activity is enhanced by a high salt intake. The discrepancy between urinary and renal oxidative stress markers may be explained by differences in the major site of oxidative stress. That is, we have only determined the renal cortical NAD(P)H oxidase activity whereas urinary oxidative stress may depend more importantly on medullary oxidative stress and/or systemic oxidative stress. It is also possible that other pathways related to free radical production may have contributed to the observed changes in H 2 O 2 excretion. For example, Pech et al. 31 have reported that the NAD(P)H oxidase inhibitor, apocynin, failed to reduce urinary 8-ISO levels that had been induced by a high salt intake.
Although this study did not determine a single effect of HCTZ to oxidative stress, it has been shown by Reungjui et al. 32 that HCTZ treatment in rats increases renal cortical oxidative stress. We have previously shown in a clinical study that the thiazide diuretic, trichlormethiazide, failed to reduce urinary albumin excretion and oxidative stress in patients with diabetic nephropathy. 33 Thus, it does not seem to follow that diuretics have a beneficial role in oxidative stress. In contrast, OLM when co-administered with HCTZ in rats fed a high-salt diet did not further increase urinary H 2 O 2 excretion when compared with that in the vehicle or OLM-treated group. These observations are consistent with our clinical study in diabetic nephropathy in which the combination of diuretics with a RAS inhibitor decreased albumin excretion and oxidative stress. 33 Inhibition of renal oxidative stress by ARB may have been involved in this mechanism as indicated in this study.
In conclusion, ARB therapy is expected to have not only an antihypertensive effect but also a beneficial role in organ protection in the therapy of hypertension. This study has confirmed that ARB administration reduced the slope of the Na-MAP relationship curve and also increased salt sensitivity. Importantly, it also seems that the fear of worsening renal oxidative stress with combined HCTZ and OLM therapy may not be warranted, and that this combination may actually have a beneficial role in reducing both blood pressure and oxidative stress under conditions of a high salt intake. As a word of caution, it should also be recognized that although salt restriction is important for the antihypertensive therapy of ARB, one should also take into account the fact that if blood pressure is markedly reduced when salt intake is suddenly restricted, acute renal failure could ensue because of dehydration and the reduction of renal blood flow, as is often seen in elderly patients. However, it seems clear that the combined treatment of ARBs with a diuretic will enhance the antihypertensive effects of ARB treatment alone and further reduce hypertension in salt-sensitive patients who fail to control their salt intake.
